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(54) Apparatus for Image acquisition with speed compensation. 



@ An image acquisition system includes a trans- 
port mechanism for transporting sheets of 
objects past a sensor. The sensor scans the 
objects and generates data streams which are 
scaled by a multiplier to compensate for the 
speed variation of the transport mechanism. At 
speeds much lower than a nominal speed, the 
scanning rate of the sensor is increased to 
generate several data streams for each scanned 
line, which are then combined in a single speed 
corrected signal stream for further processing. 
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This invention pertains to an image acquisition 
system, and more particularly to an apparatus used 
for the acquisition of images of a plurality of printed 
sheets arranged as a continuous web or a plurality of 
cut printed sheets fed continuously, to determine 
whether these printed sheets are acceptable, said ap- 
paratus including means for compensating for the 
speed of the sheets. 

Printed sheets may be checked and validated us- 
ing a device having a transport mechanism for trans- 
porting the sheets at a nominal speed past a station- 
ary position, and scanning them with sensor means 
to generate electronic images thereof. The scanning 
may be accomplished using solid state sensors such 
as CCDs (Charge Coupled Devices) arranged to scan 
a line, self scanning silicon photodiode linear arrays, 
including integrating photodiode elements, or other 
single, linear, two-dimensional array integrating sen- 
sors, and so on. However, if the sensor integration 
sampling rate is held constant, all these devices are 
unacceptable because they produce images with 
geometric distortion due to the variations in the speed 
of the object being scanned. 

To solve the geometric distortion problem, previ- 
ous devices have included a synchronization device, 
such as a shaft encoder, on the motivating transport 
to synchronize the sampling rate to the motion. In this 
implementation, the value of the signal coming from 
the scanning means is not consistent because the 
signal is integrated over the sampling period making 
it proportional to the amount of light reaching the sen- 
sor and to the amount of time between samples. 
Therefore, variation in the movement of the sheet be- 
ing scanned results in a proportional distortion of the 
signal. 

Some previous devices have compensated for 
the variations in signal strength by Automatic Gain 
Control (AGC). This method has only a limited dynam- 
ic range and moreover the resulting image gain is af- 
fected by image content. Furthermore, the scanning 
means may have a significant signal to noise ratio. If 
the gain is adjusted too high, the resulting signal will 
be too noisy to produce acceptable results. 

Other previous devices have compensated for 
the variations in sample movement by preventing the 
scanning means from the integrating light for a por- 
tion of the time between samples and keeping the 
time the scanning means is integrating constant thus 
obtaining a consistent signal. However, this method 
distorts the information because not all of the surface 
being scanned contributes equally to the signal. While 
the scanning means is being held idle, the informa- 
tion from the object is lost 

Yet other previous devices have corrected for 
speed changes by detecting the speed and adjusting 
a variable neutral density f ilter between the camera 
and the object This approach requires a high degree 
of mechanical complexity, limited dynamic range, and 



a limited reaction time to rapid changes in velocity. 

In view of the above-mentioned disadvantages of 
the prior art, an objective of the present invention is 
to provide an image acquisition system wherein the 
5 images obtained from the scanning means are stabil- 
ized to compensate for variations in the speed of the 
moving object being scanned. 

A further objective is to provide an automatic 
speed compensation apparatus which is capable of 
10 handling speed variations of a wide range. 

Other objectives and advantages of the inventor 
shall become apparent from the following description 
of the invention. Briefly, an image acquisition appara- 
tus constructed in accordance with this invention, 
15 consists of a transport mechanism for transporting an 
object past a sensor, and sensor control means for 
controlling the operation of the sensor. The speed of 
the transport mechanism is constantly monitored and 
a speed multiplier output signal is generated indica- 
20 tive of the transport mechanism speed. This output is 
used to scale the amplitude of the scanner output to 
compensate for speed variations of the transport 
mechanism. If the speed dips below a preset thresh- 
old, such as 50%, the sampling rate of the scanner 
25 may also be increased, and additional computation 
performed to compensate for the change in sampling 
rate. 

Figure 1 shows a block diagram for a preferred 
embodiment of the invention; and 
30 Figure 2 shows a block diagram for another em- 
bodiment of the invention. 
Details of one embodiment of the invention are 
shown in Figure 1. In this Figure, the scanning station 
includes a drum 22, having a cylindrical surface 24 
35 which carries a sheet 12 and rotating about an axis 
26. Several lamps 28, 30 are used to illuminate sheet 
12. A scanning means or sensor 32 is used to scan 
sheet 12 through a lens 34 which focuses an image 
of the sheet 1 2 onto the sensor. The sensor may con- 
40 sist for example of a linear array of CCDs (Charge- 
Coupled-Devices) arranged to scan essentially a sin- 
gle line extending along the width of the sheet 1 2 and 
is controlled by a sensor control and amplifier circuit 
34. 

45 A shaft encoder 36 is connected to the drum 22 
and acts as a synchronization device. Signals from 
the shaft encoder 36 are routed to the sensor control 
circuit 34 to synchronize the sampling of the sensor 
output. The sensor control circuit 34 contains the tim- 
50 ing control for operation of the sensor 32, and ampli- 
fication and signal conditioning of the sensor output 
and may perform conversion to digital information. 
Geometric distortion is removed by sampling the sen- 
sor signal at precise intervals of scanning motion, the 
55 line spacing, and reading the sensor data. 

The output of the shaft encoder 36 is also routed 
to a speed detector circuit The speed detector circuit 
performs signal conditioning, filtering, speed deter- 
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mination, and processing on the shaft encoder signal 
to produce a speed multiplier output. This output and 
the output of the sensor control circuit are multiplied 
together in a multiplier circuit 40 to exactly compen- 
sate the sensor signal for variations in the speed of 
drum 22 as discussed more fully below. This compen- 
sation can be precise because the sample period and 
the multiplier are based on identical data from the 
shaft encoder synchronization device. 

More specifically, the sensor 32 and sensor con- 
trol and signal amplifier circuit 34 operate to generate 
at a certain preselected rate determined by the phys- 
ical characteristics of the sensor, the data handling 
capabilities of the processor 20, and so on. The infor- 
mation from sensor 32 is provided as a data stream 
corresponding to a scanned line. The data processor 
20 assembles this data to generate an image of the 
sample. However, if the speed of drum 22, and hence 
sheet 12, deviates from a nominal speed, the intensi- 
ty of the image of sheet 12 is distorted because the 
sensor 32 scans each line for a scanning period larger 
or smaller than the scanning period required for the 
normal drum speed. In the embodiment of Figure 1, 
multiplier 40 is used to adjust the amplitude of the sig- 
nals from sensor control and signal amplifier circuit 34 
to compensate for the speed variation of drum 22. 
More specifically, speed detector 38 generates a 
speed multiplier output which is selected to scale the 
amplitudes of the output of sensor 32 to compensate 
for the speed variation of drum 22. For example, if the 
drum revolves at a speed which is 5% higher than its 
normal speed, the output of sensor control circuit 34 
is reduced by 5%. Speed detector 38 will supply a 
multiplier value corresponding to 105%. which when 
multiplying the reduced value from circuit 34 compen- 
sates for the increased speed. 

The value of the multiplier generated by speed 
detector 38 is preferably adjusted to conform to the 
response of sensor 32 at relatively low speed varia- 
tions, the response of sensor 32 usually also exhibits 
a linear variation. However, at higher speed varia- 
tions, the response of sensor 32 may become non-lin- 
ear. Accordingly, speed detector 38 may include 
means of determining the proper scaling multiplier for 
the sensor 32, such as for example, a look-up table 
44. 

The embodiment of Figure 1 allows accurate 
scanning of objects with a speed range of about 2:1. 
However, a much wider speed range acquisition can 
be attained by an enhancement of the invention illu- 
strated in Figure 2. As in the embodiment of Figure 1 , 
the illuminated sheet 22 is moved in front of a lens 34 
which focuses the image of the sheet on the sensor 
32. Signals from the shaft encoder 36 are routed to 
the speed detector circuit 38. The speed detector cir- 
cuit performs signal conditioning, filtering, and speed 
determination as before. The detected speed is ana- 
lyzed to determine a speed range. If the transport 



speed is in the range between one-half the maximum 
rate and the maximum rate, the sensor control is op- 
erated conventionally: signals sent to the sensor con- 
trol instruct it to sample and scan the sheet 22 once 

5 per each line spacing. The speed detector computes 
a speed multiplier output which is multiplied by the 
sensor value to exactly compensate the sensor signal 
for variations in the sample period. The speed detec- 
tor sends a signal to an accumulator circuit 42 to pass 

10 the data unchanged. In this speed range, this imple- 
mentation operates identically to the apparatus de- 
scribed in the first embodiment description. 

When the speed detector senses a transport 
speed less than one-half the maximum, but more 

is than one-quarter the maximum, synchronized sig- 
nals are sent to the sensor control, multiplier and ac- 
cumulator. Under these circumstances, the sensor 32 
may be overloaded because of the excessive scan 
time period. Advantageously, the scan period is re- 

20 duced as follows. In this speed range, the sensor con- 
trol samples and reads out the sensor twice per each 
line spacing. The speed detector determines a speed 
multiplier output which exactly compensates the sen- 
sor signal for variations in the now shortened scan 

25 period. This computation may involve the use of look- 
up table 44 as described above. The speed detector 
sends a signal to the accumulator circuit 42 to accu- 
mulate pairs of sensor samples. The accumulator 42 
combines the two sample sets for each scanned line 

30 to derive a composite sampled setfor that line. Forex- 
ample, sensor 32 may include 8,000 sensor elements 
arranged to produce normally a stream of 8,000 sig- 
nals representing a scan line across sheet 22, when 
the drum is rotating at its normal speed. These sig- 

35 nals after suitable A/D conversation are fed by sensor 
control and amplification circuit 34 to the speed com- 
pensation multiplier 40. If the speed of drum 12 drops 
to about half of its speed, then the scanning rate of 
sensor 32 is doubled to produce two streams of 8,000 

40 signals for each scan line. These two streams, after 
scaling by multiplier 40 are combined, two at a time 
(for example, by addition and division by 2) by accu- 
mulator 42 to produce a single stream of 8,000 signals 
for the processor. 

45 When the speed detector senses a transport 

speed less than one-quarter the maximum, but more 
than one-eighth the maximum, signals are sent to the 
sensor control, multiplier and accumulator. In this 
speed range, the sensor control samples and reads 

so out the sensor four times per each line. The speed de- 
tector computes a speed multiplier output which ex- 
actly compensates the sensor signal for variations in 
the shortened sample period. The speed detector 
sends a signal to the accumulator circuit 42 to accu- 

55 mulate sets of four sensor samples, divide the result 
by four, and send this final data to the processor for 
analysis. 

This principle is applied continuously as the 
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transport speed is reduced to obtain an arbitrary 
speed dynamic range, with the speed sensor deter- 
mining a speed range, sub-line spacing, speed com- 
pensation multiplier, accumulation control and divide 
control. Over this range, the integration time of the 5 
sensor is held within a 2:1 range, preserving signal to 
noise ratio and simplifying the sensor electronics 
while maintaining geometric and photometric accura- 
cy of the data used by the rest of the system. 

Obviously numerous modifications may be made 10 
to the invention without departing from its scope as 
defined in the appended claims: 
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1. An image acquisition apparatus comprising: 

scanning means; 

transport means for transporting an object 
past the scanning means at a nominal speed; 20 

monitoring means for monitoring said 
speed; and 

multiplying means coupled to said scan- 
ning means and said monitoring means for multi- 
plying data from said scanning means in re- 25 
sponse to said monitoring means. 

2. The apparatus of claim 1 wherein said scanning 
means includes a linear sensor for scanning a line 
across said image and sensor control means for 30 
controlling said sensor, said sensor control 
means being coupled to said monitoring means 

for operating said linear scanner in accordance 
with said speed. 

35 

3. The apparatus of claim 1 wherein said scanning 
means generates scan signals having ampli- 
tudes, and wherein said multiplier means multi- 
plies said amplitudes by a scaling factor depend- 
ent on said speed. 40 

4. The apparatus of claim 1 further comprising ac- 
cumulator means for accumulating and combin- 
ing data from said scanning means. 

45 

5. An image acquisition apparatus comprising: 

a drum for rotating a sheet with an object 
at a speed; 

scanning means for scanning said image, 
said scanning means generating a stream of 50 
scanned data having amplitudes; 

speed detection means for monitoring the 
rotation of said drum, said speed detection 
means generating a multiplier signal correspond- 
ing to the speed of said drum; and 55 

multiplying means for multiplying said am- 
plitudes with said multiplier signal. 



6. The apparatus of claim 5 wherein said scanning 
means scans said image at a scanning rate and 
wherein said scanning means changes said 
scanning rate in accordance with said speed. 

7. The apparatus of claim 5 further comprising ac- 
cumulating means for accumulating output sig- 
nals from said multiplying signals, said accumu- 
lating means being constructed and arranged to 
combine several data streams from said multiply- 
ing means into a single data stream. 

8. A method of image acquisition comprising the 
steps of: 

transporting an object past a sensor at a 

speed; 

generating with said sensor a stream of 
sensor signals, each sensor signal having an am- 
plitude, said stream of signals corresponding to a 
line scan of said object; 

monitoring said speed to generate a multi- 
plier signal indicative of a variation of said speed 
from a nominal speed; 

multiplying said sensor signals by said 
multiplier signal to obtain a stream of speed ad- 
justed signals; and 

assembling said speed adjusted signals to 
obtain an image of said object. 

9. The method of claim 8 wherein said amplitude of 
said sensor signals is multiplied with said multi- 
plier signal. 

10. The method of claim 8 wherein said sensor gen- 
erates said stream of sensor signals at a first 
scanning rate when said object is transported at 
a first speed, and wherein said sensor generates 
said stream of said sensor signals at a second 
rate which is higher then said first rate when said 
object is transported at a second speed lower 
than said first speed. 

11. The method of claim 10 wherein said second rate 
is double said first rate when said second speed 
is lower than half of said first speed, to produce 
two consecutive streams of sensor signals for 
each line scan. 

12. The method of claim 11 further comprising the 
step of accumulating said two consecutive 
streams to produce a combined stream of signals. 
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